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ABSTRACT 


A  study  has  bean  made  of  the  behavior  of  the  silver  eleotrod:  vhen  it  ie 
cycled  at  high  current  rates  in  alkaline  solutions.  The  ratio  of  charge 
to  discharge  capacity  has  been  measured  at  room  temperature.  An  explanation 
is  suggested  for  the  ineffloienoy  that  is  observed. 


INTRODUCTION 


Sinoe  the  work  of  Andre  (l)  the  use  of  the  silver-zinc-alkali  system  as 
the  basis  for  a  secondary  battery  has  inoreased  rather  markedly.  However, 
the  system  still  suffers  from  oeftain  disadvantages.  For  example,  the  oyole 
life  is  usually  not  lengthy  for  appreciable  depths  of  discharge,  and  the 
capaoiby  often  decreases  with  oyellng.  Some  of  these  drawbacks  can  be  traced 
to  the  individual  cell  components  and  others  probably  result  from  a  combina¬ 
tion  of  factors. 

Another  drawback  of  such  batteries  is  the  apparent  inability  to  accept 
a  high  rate  oharge  readily  and  efficiently.  This  is  considered  the  fault  of 
the  silver  electrode.  This  inability  to  accept  a  high  rate  charge  presents  an 
obstacle  to  the  use  of  silver-zinc  batteries  in  aero-space  applications. 

Airing  a  two-hour  orbit  the  charging  time  often  is  limited  to  a  period  of  the 
order  of  50  -  45  minutes. 

Some  studies  have  been  made  of  this  reported  inability  of  the  silver 
electrode  to  acoept  a  high  rate  charge.  Wales  (2)  has  collected  data  under  a 
variety  of  conditions  such  as  electrolyte  concentration,  temperature,  and  current 
rate.  He  used  only  silver  electrodes  with  an  excess  of  electrolyte.  A  separa¬ 
tor,  not  Identified,  was  also  used.  With  such  an  arrangement  he  found  that  at 
25°C,  using  55^  and  5 0%  KOH  as  electrolyte,  the  electrode  operated  with  practi¬ 
cally  10 <3%  efficiency,  i.e.,  the  discharge  capacity  equalled  the  charge  capa¬ 
city  input.  However,  as  the  oharging  rate  increased,  the  capacity  accepted  by 
the  electrode  before  gassing  took  place  decreased.  Furthermore,  the  discharge 
current  rate  he  used  wae  always  equal  to  or  less  than  the  charge  current  rate. 
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This  work  has  recently  been  extended  by  Wales  (*5)  to  0°C  and  20 $  KOH 
as  electrolyte.  The  charge  efficiency  at  high  current  rates  was  below  100$ 
in  20$  KOH  at  25°0,  in  KOH  at  0°0,  and  in  50$  KOH  at  0°C. 

Other  data  have  also  been  reported  which  indicate  that  the  silver  electrode 
will  not  accept  a  high  rate  charge  with  100$  efficiency.  These  studies  deal 
with  the  weight  gained  by  an  electrode ‘during  charging  (4)  and  the  volume  of 
gas  evolved  during  charging  (5)«  These  studies  indicate  but  do  not  prove  or 
definitely  prescribe  the  nature  of  this  deficiency. 

The  work  reported  here  was  undertaken  with  the  purpose  of  determining 
more  definitely  the  behavior  of  the  silver  electrode  during  high  rate  charging. 

A  high  rate  charge  is  defined  here  ae  a  charge  which  requires  an  hour's  dura¬ 
tion  to  restore  fiill  charge  after  the  electrode  has  been  completely  discharged. 
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EXPERIMENTAL 


Three-plate  cells  were  used  throughout  this  work*  These  contained  two 
negative  electrodes  and  one  silver  electrode.  Unless  otherwise  noted  the 
negative  electrodes  were  sintered  Cd-OdO  electrodes,  about  4  j  5  cm.  The  silver 
electrode,  1*2  x  3.6  oa,  was  wrapped  in  a  separator  and  inserted  between  the 
negative  electrodes.  Frequently  a  small  cadmivm  electrode  was  inserted  as  a 
reference  for  voltage  measurements.  The  cell  cases  were  made  of  Plexiglas 
or  Lucite.  The  dimensions  were  9x3x2  cm.  Twenty  ml.  of  electrolyte,  was 
used  but  some  of  this  was  "free"  electrolyte.  Lucite  spacers  were  used  to 
pack  the  electrodes  tightly  together. 

The  current  was  supplied  by  a  transistorized  constant  current  source.  One 
circuit,  Figure  1,  allowed  a  different  current  to  be  used  for  discharge  than 
for  charge.  Voltages  were  fed  to  a  pre-amp  which  supplied  a  signal  to  a 
10  mv  recording  potentiometer. 
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RESULTS 


In  the  first  four  cella  that  were  used,  the  positive  plates  were  covered 
with  5  layers  of  cellophane*  Two  variables  were  studied!  (a)  electrolyte 
concentration  and  (b)  particle  ei^e  of  the  silver  in  the  positive  plate. 

Cell  No.  1  had  50 %  KOH  as  electrolyte  and  the  positive  was  made  of 
Handy  and  Harmon  Not  120  silver  powder. 

Cell  No.  2  had  40 %  KOH  as  electrolyte  and  the  positive  was  made  of 
Handy  and  Harmon  No.  120  silver  powder. 

Cell  No.  5  bad  50 %  KOH  as  electrolyte  and  the  positive  was  made  of 
Handy  and  Harmon  No.  150  silver  powder. 

Cell  No.  6  had  40#  KOH  as  electrolyte  and  the  positive  was  made  of 
Handy  and  Harmon  No.  150  silver  powder. 

Before  beginning  the  cycling  regime,  the  cells  were  each  given  two  cycles 
at  a  current  of  10  to  40  milllamperes.  The  results  of  the  subsequent  cycles 
are  shown  on  Figures  2-5*  The  current  rates  used  are  indicated  on  the  graphs. 
Each  cell  was  taken  apart  after  these  cycles  and  only  with  cell  No.  2  was  any- 
Jhing  unusual  detected.  This  cell  had  a  broken  connection  to  the  negative  ter¬ 
minal.  The  electrolytes  were  dear,  the  plates  appeared  to  be  in  good  condi¬ 
tion,  and  the  separators  were  heavily  contaminated  with  silver.  In  all  but  a 
fov  inatancea  the  cells  were  not  allowed  to  gas  on  charge.  The  results  show 
little  choice  between  50#  and  40 %  KOH  as  electrolyte  at  room  temperature. 

The  plates  containing  the  finer  particles  of  silver,  oells  Nos.  5  and  6, 
did  not  give  as  high  capacities  but  gave  somewhat  better  cycle  life.  However, 
the  difference  is  not  great. 
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Throughout  all  these  runs  the  silver  electrode  did  not  deliver  as  much 
capacity  on  discharge  ashad  been  supplied  in  the  previous  charge.  With  few 
exceptions,  the  capacity  put  into  the  electrode  during  charge  was  greater  than 
that  delivered  by  the  cell  on  discharge.  Discharge  was  terminated  at  0.75  volt 
vs.  the  Cd-CdO  electrode.  As  expected,  the  capaoity  put  into  the  cell  during 
charge  decreased  as  the  charging  current  rate  increased. 

Cells  Nob.  5  end  6  were  cycled  further  to  check  more  carefully  the  observa¬ 
tion  that  the  silver  eleotrode  aocepted  more  capaoity  on  charge  than  it  delivered 
on  discharge.  Cell  No.  5  was  cycled  by  using  100  ma.  on  charge  and  200  ma. 
on  discharge.  On  charge  only  as  much  capacity  was  put  into  the  cell  as  was 
delivered  on  the  previoue  discharge.  During  none  of  these  charges  did  the  cell 
reach  the  gassing  potential.  This  shows  that  the  cell  was  not  fully  charged 
even  at  the  rate  used.  However,  the  discharge  capacity  decreased  as  the  cell 
was  cycled.  Figure  6. 

Cell  No.  6  was  also  subjected  to  further  cycling  using  75  ma.  on  charge 
and  l^O  ma.  on  discharge.  Here  again  the  charge  input  was  equal  only  to  the 
previous  discharge  capaoity  except  for  cycles  6,  9»  10,  16,  and  20  (Figure  7) 
in  which  a  greater  amount  of  oharge  was  supplied,  but  in  no  instance  did  the 
charging  voltage  reach  that  associated  with  oxygen  evolutisn.  The  capacity 
tends  to  decrease  though  not  as  rapidly  as  with  cell  No.  5»  When  cell  No.  6 
wns  ta'<en  apart  there  were  black  spots  on  the  silver  electrode.  Thus  at  Lhe 
oid  of  all  these  cycles  this  silver  electrode  was  not  completely  discharged. 

Two  more  cells,  Nos.  9  end  10,  were  constructed  similar  to  cells  Nos.  2 
and  6.  In  this  case  the  positive  eleotrode  was  wrapped  with  fibrous  sausage 
casing,  five  layers  on  one  side  and  three  on  the  other  side.  The  reference 
electrode  was  wrapped  in  cellophane.  After  two  cycles  at  20  -  50  me.  the  cells 
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were  oyoled  at  100  aa.  on  oharge  and  15O  aa.  on  iischafgei  The  results  are 
shown  on  Figurss  8  and  9* 

The  fir at  15  oyoles  on  cell  No.  10  were  eoaewhat  erratic  because  a  aeier 
waa  reading  inaccurately  and  thus  leas  oharge  waa  jsut  into  the  cells  than  had 
been  ealealated.  The  points  in  Figure  8,  however,  are  the  corrected  values. 

Again  the  trend  is  the  same  as  that  observed  previously.  Beginning  with  cyole 
56  the  charge  put  into  a  cell  waa  equal  to  the  previous  discharge  capacity 
with  the  exception  of  oyole  62.  The  oharge  on  this  oyole  and  on  cycle  55  wee 
at  a  low  rate,  20  aa.  and  shows  that  the  capaolty  of  the  cell  is  not  permanent¬ 
ly  lost.  Aa  long  aa  the  charge  capacity  only  equals  the  previous  discharge 
capacity  the  capacity  of  the  oell  decreases  with  cycling.  Cell  No.  10  would 
accept  about  575  aa-hrs.  of  oharge  before  the  voltage  reached  that  of  oxygen 
evolution. 

The  first  ten  cycles  of  oell  No.  9  are  oaitted  from  Figure  9.  These  were 
lower  current  rate  oyoles  and  showed  that  at  low  rates  the  oell  had  a  die- 
charge  oapaolty  of  about  400  aa-hrs.  Only  about  one- fourth  of  this  capacity 
is  realized  at  the  high  current  rates  used  in  the  cycles  shown  on  Figure  9. 

Ihe  capacity  gradually  decreased  over  the  first  25  oyoles  and  then  resMined 
constant  for  the  next  75  oyoles.  On  Figure  9  the  oharge  is  shown  only  when 
it  was  of  a  different  quantity  froa  the  previous  discharge  capacity.  The  results 
on  oell  No.  9  show  that  it  is  possible  to  have  the  silver  eleotrode  operate 
at  100JC  charge/discharge  effloienoy  at  the  fairly  high  current  rates  used  here. 

It  is  not  known  why  this  was  possible  with  oell  No.  9  but  not  with  oell  No.  10. 
The  only  difference  between  these  oells  was  in  the  partlele  size  of  the  silver 
used  in  asking  the  silver  plate.  However,  the  data  at  hand  are  insufficient 
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to  attribute  the  difference  in  behavior  to  thie  factor. 

All  theae  results  suggest  two  possibilities. 

1-  The  silver  eleotrods  accepts  a  charge  at  high  charge  rates  but 
this  is  generally  not  ooapletely  available  on  discharge.  Thie  may 
be  due>  e.g.,  to  pookets  of  silver  oxide  whioh  were  bypassed  be¬ 
cause  more  favorable  current  paths  had  been  set  up  around  them. 

2-  All  the  charge  oapaolty  does  not  produce  silver  oxide,  i.e.,  there 
is  some  side  reaotion  using  up  elaotrioity  on  charge.  Thie  side 
reaction  is  not  the  normal  production  of  oxygen  because  at  no  time 
did  the  silver  electrode  potential  reach  the  value  necessary  for 
oxygen  evolution. 

There  is  evidence  that  the  first  possibility  does  explain  some  of  the 
inefficiency  noted  here.  It  appears  that  in  some  instances  the  Ag^O  does 
provide  a  barrier  to  the  complete  utilization  of  the  silver .  for  instance, 
a  sintered  silver  electrode  was  cycled  in  such  a  way  that  the  electrode  was 
charged  at  the  15  hour  rate  and  given  only  a  partial  discharge  at  about  the 
100  hour  rate.  After  some  55  ouch  cyoles  a  complete  discharge  gave  only 
about  half  the  oapaoity  obtained  before  the  electrode  was  given  these  55 
cycles.  Upon  examination  of  the  silver  eleotrode  it  was  found  that  the  bottom 
third  of  the  eleotrode  was  undischargsd.  X-ray  examination  indicated  Ag^O. 

An  explanation  for  this  is  that  during  suoh  cycling  the  Ag^O  builds  up  and 
some  of  it  is  by-passed  on  discharge  because  of  other  more  favorable  current 
paths.  As  this  process  is  repeated,  pockets  of  Ag^O  may  be  electrically 
Isolated  for  purposes  of  discharge. 

In  cell  No.  6  above,  it  was  also  noted  that  there  were  undischarged  areas 
on  the  silver  eleotrode  after  the  oyoling  regime. 
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Attempts  were  atde  to  modify  the  cycling  behavior  of  the  silver  oxide 
eleotrodes  by  adding  other  metallic  oxides.  Oxides  having  a  relatively  low 
electrical  resistance  were  sought  with  the  object  of  providing  more  conducting 
paths  through  the  electrode.  The  idea  was  to  offset  the  high  electrical  re¬ 
sistance  of  AggO  and  thus  provide  for  better  utilization  of  the  available 
silver  and  avoid  the  isolation  of  Ag^O  pockets  in  the  electrode. 

The  oxides  studied  weret  Mod.,  MnO  or  MnO?,  ZnO,  HgO,  OdO,  CuO.  Of  thee? 
only  HoO^  showed  any  promise.  With  the  others,  very  short  cycle  life  was  ob¬ 
tained  or  the  voltage  characteristics  were  unfavorable.  Mo0?  was  mixed  with 
silver  powder  and  sintered  at  1000°F  for  1/2  hour.  The  electrode,  about 
1x2  om,  was  wrapped  in  cellophane  and  cycled  with  two  Cd-CdO  electrodes  in 
4036  KOH.  Two  such  eleotrodes  were  prepared.  Bach  cycle  lasted  12  hours.  One 
electrode  gave  21  cycles  and  the  other  17.  The  capacity  decreased  with  cycling 
and  the  cell  did  not  have  a  good  shelf  life.  However,  the  electrodes  held  up 
well  physically  during  the  oyoling.  But  the  performance  was  not  good  enough 
to  warrant  fhrther  investigation  at  this  time. 

The  use  of  palladium  as  an  addition  to  the  silver  electrode  has  also  been 
suggested,  (6,7).  Plates  prepared  with  palladium  additions  were  also  cycled 
but  showed  the  same  behavior  under  high  rate  conditions  as  the  untreated 
silver  electrodes. 


While  the  accumulation  of  isolated  Ag^O  pockets  on  silver  electrodes  has 
been  noted  with  lower  current  oyoling  and  with  oycling  involving  incomplete 
discharges,  this  has  not  been  observed  generally  on  any  of  the  eleotrodes  which 
were  subjected  to  high  ourrent  rate  oyoling.  Thus,  the  oharge/dieohsrge  in¬ 
efficiency  at  high  rate  oyoling  oannot  be  explained  by  the  formation  and  isola¬ 
tion  of  such  AggO  pockets  in  the  sleotrode.  Furthermore,  if  this  were  the 


cause  It  is  difficult  to  aooount  for  the  gradual  and  smooth  decrease  In  capa¬ 
city  as  oycling  proceeds,  Figures  2-7*  Another  explanation  oust  be  sought. 

This  other  explanation  suggests  that  not  all  the  ourrent  on  charge  pro¬ 
duces  silver  oxide.  It  has  been  suggested  earlier  (6)  that  oxygen  is  formed 
and  Adsorbed  on  the  silver  eleotrode  during  the  charge  period  when  AgO  is 
being  formed.  This  accounts  for  the  100$  Paradaic  efficiency  so  far  as  weight 
gain  is  conodrned  and  also  the  faot  that  the  charge/di soharge  efficiency  is 
less  than  100$.  If  this  is  the  case  then  on  discharge  the  adsorbed  oxygen 
could  be  released  from  the  electrode  surface. 

According  to  figure  9  the  oharge/di soharge  efficiency  at  high  rates  de¬ 
creased  with  cycle  life  up  to  a  point  and  then  levelled  off  at  about  2%  of 
original  capacity.  This  oan  be  explained  by  assuming  that  on  charge  a  layer 
of  silver  oxide  is  first  formed  and  that  after  this  is  formed  the  further  for¬ 
mation  of  AgO  and  the  production  of  adsorbed  oxygen  occur  simultaneously. 

It  may  be  that  penetration  of  ojtygen,  or  oxide  ion,  0*,  into  the  lattice  then 
occurs  much  more  slowly.  Consequently,  the  oharge/di acharge  efficiency  is 
100$  so  long  as  one  is  operating  with  only  the  initial  oxide  layer  and  becomes 
less  than  100$  as  more  AgO  is  formed. 

A  cell  similar  to  those  described  above  was  assembled  and  sealed  with  an 
epoxy  resin.  An  outlet  from  this  oell  was  connected  to  a  small  open  end  mano¬ 
meter  which  contained  dibutyl  phthalate  as  the  liquid.  The  purpose  of  this 
was  to  measure  small  pressure  differences  within  the  cell  during  cycling.  The 
pressure  within  the  cell  was  oarefully  measured  at  the  beginning  and  at  the 
end  of  each  discharge.  The  oell  was  oharged  at  different  ourrent  rates  but  all 


discharges  were  at  150  mat  This  cyoling  waa  all  done  at  room  temperature  which 
waa  aeeumed  to  stay  oonatant  during  the  relatively  abort  time  periode  for  each 
discharge. 

The  eilver  electrode  contained  about  \%  palladium  aa  an  added  impurity. 

The  same  electrode  waa  uaed  throughout  a  series  of  runs.  The  results  of  some 
of  these  runs  ere  summarized  on  figure  10.  Different  charging  current  rates 
were  used  and  the  ohange  in  pressure  was  measured  between  the  beginning  and 
the  end  of  charge.  The  charge  was  terminated  when  the  voltage  rose  to  1.55  or 
1.60  volts  vs.  the  Cd-OdO  electrode.  The  cell  was  then  allowed  to  stand  on 
open  circuit  over  night.  After  this  it  was  discharged  at  150  ma.  and  the 
change  in  pressure  was  again  measured  between  the  beginning  and  the  end  of 
discharge,  from  figure  10,  whloh  also  Includes  the  capacity  values  for  these 
runs,  it  is  evident  that  under  these  conditions  there  was  a  small  pressure 
Increase  during  charge  and  during  discharge. 

There  are  several  possible  explanations  for  this  pressure  increase. 

1-  an  increase  in  the  temperature  of  the  cell. 

2-  reaction  of  AgO  with  the  electrolyte  to  form  Ag^O  and  0^. 

5-  liberation  of  adsorbed  gases  from  the  electrodes. 

The  Increase  in  pressure  on  charge  may  be  due  to  (l)  and  (2)  above.  Further¬ 
more,  some  small  amounts  of  oxygen  may  be  produced  electrochemically  during  the 
formation  of  AgO  on  charge  (5).  The  temperature  factor  is  a  difficult  one  to 
determine  precisely  since  the  temperature  inside  the  cell  was  not  measured. 
However,  the  cell  was  completely  exposed  to  the  air  around  it  and  there  was 
nothing  to  Interfere  with  heat  exohange  between  the  cell  and  the  environment. 
3tlll,  the  effect  of  temperature  cannot  be  neglected  for  with  the  cell  that  was 
used  a  1  or  2  0  change  in  temperature  oould  cause  the  pressure  changes  noted. 


During  discharge  it  ie  unlikely  that  temperature  played  as  large  a  role, 
largely  because  the  discharges  were  short.  Por  all  the  cycles,  except  the  one 
in  which  the  cell  was  charged  at  10  ma.,  the  discharge  lasted  less  than  an 
hour. 

Another  way  to  account  for  the  pressure  increase  on  diecharge  la  to  assume 
a  reaction  between  the  AgO  and  the  electrolyte.  Thla  reaction  remilts  in  the 
formation  of  oxygen  which  would  lead  to  an  Increase  in  pressure  in "the  dosed 
system.  However,  the  cells  were  allowed  to  stand  on  open  circuit  for  at  least 
l6  hours  before  each  discharge.  During  this  time  any  initial  reaction  between 
the  electrode  and  the  eleotrolyte  would  have  occurred.  3y  the  time  the  dis¬ 
charge  was  run  the  amount  of  oxygen  produced  by  this  reaction  would  have  been 
very  small  (9).  Then  too,  the  discharge  lasted  less  than  one  hour  in  all  but 
one  case.  Thus  the  amount  of  auoh  reaction  taking  place  during  discharge  would 
be  negligible. 

The  third  possible  explanation  for  this  pressure  increase  during  discharge 
is  that  during  charge  some  oxygen  is  produced  and  physically  adsorbed  by  the 
electrode.  During  the  discharge  thie  oxygen,  which  doee  not  deliver  Paradalc 
capacity,  is  released  from  the  electrode  and  this  increases  the  pressure  with¬ 
in  the  cell  case.  This  mechanism  or  process  has  been  proposed  before  (<>)  and 
the  results  given  here  are  consistent  with  that  hypothesis. 

The  pressure  changes  given  on  Pigure  10  are  likely  minimum  values  because 
the  cadmium  electrode  has  the  ability  to  absorb,  by  reaction,  the  oxygen  pre¬ 
sent  in  the  cell.  Such  absorption  would  not  be  great  here  beoauee  the  pressures 
inside  the  cell  are  but  slightly  different  from  atmospheric  pressure  and  be¬ 
cause  there  is  excess  electrolyte  present,  i.e.,  the  cadmium  electrode  is  opera¬ 
ting  under  a  "flooded"  condition. 


-l£l- 


If  the  adsorption  of  oxygen  on  charge  and  Its  release  on  discharge  is 
considered  to  take  plaoe,  then  a  ready  explanation  is  at  hand  for  the  charge/ 
discharge  inefficiency  at  high  current  charging  rates.  On  oharge  the  follow¬ 
ing  reactions  may  occur. 

2  0H~  -  0  .  +  H„0  +  2e 

ad  h  2 

°ade  +  ^2°  ”  *  Ag° 

Kg^O  2  OH-  -  2  AgO  +  H^O  +  2e 

utiiy  tne  last  two  reactions  produce  capacity  which  ie  available  for  discharge. 
On  discharge  the  adsorbed  oxygen  is  released  as  the  electrode  surface  ie 
changed . 

On  Figure  10  the  oharge  and  discharge  capacities  are  shown.  For  all  ex¬ 
cept  one  run  the  charge/d isoharge  efficiency  is  less  than  100%.  This  exception 
was  the  last  run  made  in  this  series  and  at  this  time,  obviously,  some  pre¬ 
viously  unused  capacity  was  available  for  discharge. 

On  the  basis  of  the  results  represented  on  Figure  10  it  appears  that  a 
possible  cause  of  the  oharge/discharge  inefficiency  at  high  charging  rates  is 
the  adsorption  of  oxygen  on  the  electrode  during  oharge.  However,  this  is  a 
liksly  explanation.  Figure  10  offers  no  warrant  to  say  that  this  hypothesis 
has  been  proved. 
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CAPTIONS  FOR  FIGURES 


Figure  1. 

Constant  Our rent  Oharging  Circuit. 

Figure  2. 

Cycling  behavior  of  Cell  No.  1. 

Figure  5. 

Cycling  behavior  6f  Cell  No. ^2. 

Figure  4. 

Cycling  behavior  of  Cell  No.  5* 

Figure  5. 

Cycling  behavior  of  Cell  No.  6. 

Figure  6. 

High  rate  cycling  behavior  of  Cell 

No.  5. 

Figure  7. 

High  rate  cycling  behavior  of  Cell 

No.  6. 

Figure  8. 

1 

Cycling  behavior  of  Cell  No.  10. 

Figure  9* 

Cycling  behavior  of  Cell  No.  9. 

Figure  10. 

Pressure  changes  during  high  rate 

cycling 

LEGEND  FOR  FIGURE  1 


R^-  25  ohm.  The  exact  value  and  wattage  depends  on  the 
current  desired. 

R^~  10K  ohms  potentiometer 

R^-  50  ohme,  1  watt  resistor 

R^-  and  R^  -  250  ohm  potentiometer 

R  and  R  -  5  PST  relays 
o  d 

B  -  1.5  volt  dry  cell 

-  Transistor,  3ylvanla  2N677 
T^  -  Transistor,  Sylvanla  2  N55 
T^  -  Zener  diode,  Hofftnan  1N1767 
A  -  ammeter  or  shunt  for  measuring  current. 


Figure  I 


ma.-  hrs. 


cycle 


Figure  2 


ma-hrs. 


•  charge 
O  discharge 


©o  o 

8 


> 


©  #o 

c  ••  ®oo 

o*  ©O0 


o  r 

©• 


charge  currents 


■ 


75  ma. - — 100  ma. — *|*-l?0  mo. — *|*I00  mo.  HOma. — *| 


discharge  currents 
- 75ma. - 


100  ma. 


Figure  3 


ma.-  hrs. 


Figure  5 


2 


T 

•  chon 


o  disci 


current  ■ 


o# 


10 


0€>« 

O# 


O# 

O# 

O • 

o 


J _ 

5  , 

cycle 


minutes 


Figurt  7 


ma.-hrs. 


Figure 


Figure 


A F?  mm.  ampere-hours 


'  charge 
o  discharge  a ♦  l?C  ma. 

16  hr.  stand  between  charge 
and  discharge 


charge  current,  ma. 


Figure-  10 


T SOHNIC.vL  R SPORT  DISTRIBUTION  LI3T 


NR  NO.  559-564 


CC  lTRitOTOR  Calvin  Poll  age 
Contract  Number  Nonr  1662  ( 01 ) 

No,  Copies  No.  Copies 


Commanding  Officer 

Office  of  Naval  Research  Branch  Office 
The  John  Crerar  Library  3uilding 
86  3aet  Randaolph  Btreet 
Chicagol,  Illinoie  (l) 

Commanding  Officer 

Office  of  Naval  Research  Branch  Office 
546  Broadway 

New  York  15,  New  York  (l) 

Commanding  Officer 

Office  of  Naval  Research  Branch  Office 

1050  3ast  Breen  3treet 

Paeadenal,  California  (1) 

Commanding  Officer 

Office  of  Naval  Research  3ranch  Office 
Box  59  Navy  No.  100  Pleat  Post  Office 
New  York,  New  York  (7) 


Air  Force 

Offioe  of  Boientific  Research  (3RC-3) 
Washington  25,  D.C.  (l) 

Commanding  Offioer 

Diamond  Ordnance  FUze  Laboratories 

Washington  25,  D.C. 

*ttnt  Technical  Information  Office 

Branch  012  (l) 

Office,  Chief  of  Rssearch  and  Development 
Department  of  the  Army 
Washington  25,  D.C. 

ittm  Physical  Bciencea  Division  (l) 

Chief,  Bureau  of  3hips 

Department  of  the  Navy 
Washinvton  25,  D.C. 

Attnt  Code  5420  (2) 

Code  6603  (l) 


Director,  Naval  Research  Laboratory 
Washington  25,  D.C. 

Attm  Technical  Information  0fficer(6) 
Chemistry  Division  (1) 

Code  6l60  (1 ) 

Chief  cf  Naval  Research 
Department  of  the  Navy 
/ashington  25,  D.C. 

'.ttns  ~Code  475  (2) 

DDR  and  3 

Technical  Library 

Room  5C-128,  The  Pentagon 

Washington  25,  D.C.  (l) 

Technical  Direct*. * 

Research  and  Uneinsering  Division 
Office  of  the  Quartermaster  Deneral 
Department  of  the  Army 
Washington  25,  D.C.  (l) 

Research  Director 

Clothing  and  Organic  Materials  Division 
Quartermaster  Research  and  Sngin.  Commai 
U.3.  Army 

Natick,  Massachusetts 


Chief*  3ureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  25,  D.C. 

Attm  Technical  Library  (5) 

Code  RR;iA-5  (1) 

A3TIA 

Document  3ervice  Center 

Arlington  Hall  3tation 

Arlington  12,  Virginia  (10) 

Director  of  Research 

U.3.  Army  Bignal  Research  and  Development 
Laboratory 

Port  Monmouth,  New  Jersey  (l) 

Naval  Radiological  Defense  Laboratory 

3an  Francisco  24,  California 

Attm  Technical  Library  (1) 

Naval  Ordnance  Test  3tation 

China  Lake,  California 

Attm  Head,  Chemistry  Division  (l) 


Revised  1  Peb  I962 


TSOHMIOAL  R SPORT  DISTRIBUTION  LI3T 


Contractor  Calvin  Oollage 


NR  No.  559-564 


paga 


Contract  Number  Nonr  1682(01) 

•  •  J 

/ 

No.  Co  pi 

as  No. 

Copies 

Commanding  Officer 

Dr.  N.  Hackerman 

Army  Reeearoh  Office 

Department  of  Chemistry 

Sox  CM,  Duke  3tation 

University  of  Texas 

(1) 

Durham,  North  Carolina 

Austin,  Texas 

Attnt  Scientific  Synthesis  Office 

(1) 

Srookhaven  National  Laboratory 

Dr.  3.  Yeager 

Department  of  Chemistry 

Chemistry  Department 

Western  Reserve  University 

Upton,  New  fork 

(lQleveland  6,  Ohio 

(1) 

Atomic  Energy  Commission 

ONR  Resident  Representative 

Division  of  Research 

University  of  Michigan 

Chemistry  Programs 

1100  3.  Washington  Street 

(1) 

Waahingten  25,  O.C. 

(l)  Ann  Arbor,  Michigan 

Atomic  3nerey  Commiaeion 

The  Electric  Storage  Battery  Company 

Division  of  Technical  Information  Ext.  Rising  Sun  and  Adams  Avenue 

Post  Office  Sox  62 

Philadelphia,  Pennsylvania 

(1) 

Oak  Ridge,  Tennessee 

(l)  Attnt  Mr.  Clifford  S.  Srimes 

U.S.  Army  Chemical  Research  and 

Could  National  Batteries,  Inc. 

Development  Lab.  atoriee 

Depew,  New  York 

(1) 

Technical  Library 

Attnt  Dr.  Harold  3ahn 

Army  Chemical  Center,  Maryland 

(1) 

Office  of  Technical  Services 

American  Machine  and  Foundry  Company 
2510  Louisburzh  Road 

Department  of  Commerce 

Raleigh,  North  Carolina 

(1) 

Washington  25,  D.C. 

(l)  Attnt  Dr.  D.  Thomas  Ferrell 

Dr.  ’/alter  J.  Hamer 

Yardney  Electric  Corporation 

Electrochemistry  3ection 

40-50  Leonard  Street 

National  3ursau  of  Standards 

New  York  15,  New  York 

(1) 

Washington  25,  D.C. 

(1)  Attnt  Mr.  Frank  3olomon 

Dr.  3.  Young  Tyree,  .Jr. 

Thomas  A.  Edison  Industries 

Department  of  Chemistry 

West  Orange,  New  Jersey 

(1) 

University  of  North  Carolina 

Attnt  Mr.  J.D.  Moulton 

Chapel  Hill,  North  Carolina 

<D 

Dr.  Paul  Delahay 

Eagle-Pi cher  Company 

Joplin,  Missouri 

(1) 

Department  of  Ohehistry 

Attnt  Mr.  M.F.  Cwjbb 

Louisiana  3tate  University 

Baton  Rouge,  Louisiana 

(1) 

TECHNICAL  REPORT  DISTRIBUTION 


5. 


Contractor  Calvin  Collage 
Contract  Number  Nonr  1662  (01) 

No.  Ooplea 

Dr.  G.  Barth-W  ehrenalp,  Director 
Inorganic  Reeearch  Department 
Pennealt  Chemicale  Corporation 
Poet  Office  Box  4588 
Philadelphia  18,  Pennsylvania  (2) 

Mr.  N.  E.  Blackburn 
E.R.D.L. 

Materials  Branch 

Fcrt  Belvoir,  Virginia  (1) 

Dr.  George  J.  Janz 
Department  of  Chemistry 
Rensselaer  Polytechnic  Institute 
Troy,  New  York  (l) 

Material  Laboratory  Library 

Building  291,  Code  912B 

New  York  Naval  Shipyard 

Brooklyn  1,  New  York  (1) 

Dr.  M.  S.  Cohen,  Chief 
Propellants  Synthesis  Seotion 
Reaction  Motors  Division 
Denville,  New  Jersey  (l) 


P»f® 

NR  NO. 


No.  Copies 

Dr.  G.  0.  Szego 
Institute  for  Defense  Analysis 
1666  Connecticut  Ave.,  N.  W. 
Washington  9»  0.  C.  (l) 

Dr.  E.  M.  Cohn 

NASA 

Code  RPP 

1512  H  Street,  N.  W. 

Washington  25,  D.  C.  (1) 

U.  S.  Army  Engineer  Research  and 
Development  Laboratories 
Fbrt  Belvoir,  Virginia 
Attn. i  Technical  Documents  Center 

(1) 

Dr.  B.  Sundheim 

Department  of  Chemistry 

New  York  University 

New  York  5,  New  York  (U 


Dr.  Morris  Eiaenberg 
Electroohimlca  Corporation 
507  Diablo  Court 

Palo  Alto,  California  (l) 

Dr.  A.  B.  Scott 
Department  of  Chemistry 
Oregon  State  University 
Corvallis,  Oregon  (1) 

3andia  Corporation 
Sandia  Base 

Albuquerque,  New  Mexloo  (l) 


